Abstract In this study, the genetic relatedness of 82 walnut genotypes adapted to the North Western Himalayan region of Jammu and Kashmir, India was analyzed by combination of 13 SSR and 20 RAPD primers. A high level of genetic diversity was observed within populations with the number of alleles per locus ranging from one to five in case of SSR primers and two to six in case of RAPD primers, the proportion of polymorphic loci was 100 %, and similarity ranged from 12 % to 79 % with an average of 49 %. Dendrogram showed that all the accessions formed four main clusters with various degree of subclustering within the clusters. These results have implications for walnut breeding and conservation.
Introduction
Walnut (Juglans regia L.) belongs to the family Juglandaceae. In local language it is called 'akhrot'. The genus Juglans consists of approximately 20 species having 32 chromosomes (Robert 1930) . Different species of the genus are taxonomically grouped into four sections; three of these are Rhysocaryon (black walnuts of America), Cardiocaryon (Japanese, Manchurian and Chinese walnuts) and Trachycaryon (butter nut of Eastern North America). The fourth section, Juglans, is comprised of single species Juglans regia, which is widely grown in temperate zone (Manning 1978) . Cultivated varieties of walnut generally adapt well to the climatic conditions of the different production areas. Juglans regia L., has an exceptionally wide natural distribution, it occurs from the Carpathian Mountains of Eastern Europe, all through Western Asia, the Himalayan regions of Pakistan, India, Nepal, Bhutan and east into China. Accurate and rapid cultivar identification is especially important in vegetatively propagated plant species such as most fruit trees both for practical breeding purposes and for proprietary rights protection. Unfortunately, the traditional methods for characterization and assessment of genetic variability in perennial fruit crop species, based on morphological, physiological and biochemical studies are both time consuming and affected by the environment. The introduction of molecular biology techniques, such as DNA based markers, provides an opportunity for genetic characterization that allows direct comparison of different genetic material independent of environmental influences (Weising et al. 1995) . Previously, in addition to morphological identification (Zenelli et al. 2005) , various biochemical and molecular markers have been used for genetic characterization of walnut genotypes. These included isozymes (Ninot and Aleta 2003; Vyas et al. 2003; Fornari et al. 2001; Busov et al. 2002) , restriction fragment length polymorphisms (RFLPs) (Fjellstrom and Parfitt 1995) , randomly amplified polymorphic DNAs (RAPDs) (Nicese et al.1998; Yan-Min et al. 2000; Zhang Li et al. 2007) , intersimple sequence repeats (ISSRs) (Potter et al. 2002) , simple sequence repeats (SSRs) Dangl et al. 2005; Foroni et al. 2005; Victory et al. 2006; Robichaud et al 2006; Karimi et al. 2010) , amplified fragment length polymorphisms (Kafkas et al. 2005; Bayazit et al. 2007 ) and SNPs (Ciarmiello et al. 2011) . SSR (Litt and Luly 1989) are currently becoming the preferred technique for the molecular characterization of different plant species (Gupta and Varshney 2000) . SSR markers in combination with RAPD markers have become an important tool to understand the molecular diversity and the genetic relationships within crops (Mir et al. 2008 ).
Material and methods

Plant material
A total of 82 walnut accessions were collected from different regions of Jammu and Kashmir and are being maintained at research farm of CITH, Srinagar, India (Table 1 , Fig. 1 ). These accessions are being multiplied and evaluated under different locations across the state of Jammu and Kashmir, India. These accessions were assessed for DNA profiling through RAPD and SSR for diversity analysis.
DNA extraction DNA was extracted from young walnut leaves using the cetyl trimethyl ammonium bromide (CTAB) method and purified by RNase treatment. The DNA was quantified on 0.8 % agarose gel stained with ethidium bromide in the presence of different concentrations of undigested l-DNA and a final concentration of 25 ng μl −1 was used for PCR. RAPD and SSR analyses DNA from an individual plant of each walnut accession was screened with 13 pairs of SSR primers (Pollegioni et al 2009) were used (Table 3 ). The PCR reaction (25 μl) contained the following: 1x reaction buffer (20 mM Tris-Cl pH 8.4, 50 mM KCl), 0.2 mM dNTPs, 2 mM MgCl 2 , 10 pM primer, 1.0 Unit of Taq DNA polymerase, and 25-50 ng genomic DNA. For standardization of annealing temperatures of SSR primers, gradient PCR was carried out in a gradient thermal cycler. Initial denaturation at 94°C for 5 min was followed by 35 cycles at 94°C for 1 min, 58-63°C for 1 min and 72°C for 2 min. The final extension was carried out at 72°C for 7 min. For RAPD the PCR reaction (25 μl) contained the following: 1x reaction buffer (20 mM Tris-HCl pH 8.4, 50 mM KCl), 0.2 mM dNTPs, 2 mM MgCl 2 , 10 pM primer, 1.0 unit of Taq DNA polymerase, and 25-50 ng genomic DNA. The DNA was amplified in a thermal cycler (Thermo-Mastercycler) that was programmed as follows: preheating for 5 min at 94°C; 45 cycles of 60 s at 94°C (denaturation), 60 s at 37°C (annealing), and 120 s at 72°C (extension); and a final extension at 72°C for 7 min. The RAPD amplified-DNA was analyzed by electrophoresis on 2 % agarose gel in a 0.5X TBE buffer. The SSR amplified fragments were resolved in 3 % metaphore agarose gel in a 0.5X TBE buffer. The gels were stained with ethidium bromide (0.5 μg/ml) and visualized under UV light. The prominent DNA bands that were amplified by a given primer were scored as present (1) or absent (0) for all of the samples that were studied. In order to determine the utility of these markers, number of amplicons per primers, percent polymorphism, Polymorphic information content (PIC), effective multiplex ratio (EMR)/Resolving power (Rp) and marker index (MI) was calculated. Percent polymorphism was calculated as percentage of polymorphic loci from total loci obtained per primer. The Polymorphism Information Content (PIC) value of individual primers were calculated based on the formula PIC02 ×F (1-F) (Anderson et al 1993) . Marker index, a product of information content, as measured by PIC, and effective multiplex ratio (E), was calculated following Powell et al (1996) and Resolving power (RP) of each primer combination was calculated according to Prevost and Wilkinson (1999) . The Jaccard's similarity index was calculated using NTSYS-pc version 2.02e (Applied BioStatistics, Inc., Setauket, NY, USA) package to compute pairwise Jaccard's similarity coefficients (Jaccard 1908 ) and this similarity matrix was used in cluster analysis using an dendogram, bootstrap analysis was performed using the WIN-BOOT program (Yap and Nelson 1996) with 1,000 replications.
The co-relation of matrices obtained from SSR and RAPD profiles was judged by two-way Mantel test (Mantel 1967) using MxComp Module of NTSYS PC version 2.02e (Applied BioStatistics, Inc., Setauket, NY, USA) package.
Model-based cluster analysis was performed to infer genetic structure and to define the number of clusters (gene pools) in the dataset using the software STRUCTURE version 2.2 (Pritchard et al. 2000) . The number of presumed populations (K) was set from 1 to 13, and the analysis was repeated 2 times. For each run, burn-in and iterations were set to 100,000 and 200,000 respectively, and a model without admixture and correlated allele frequencies was used. The run with maximum likelihood was used to assign individual genotypes into groups. Within a group, genotypes with affiliation probabilities (inferred ancestry) ≥80 % were assigned to a distinct group, and those with <80 % were treated as "admixture", i.e., these genotypes seem to have a mixed ancestry from parents belonging to different gene pools or geographical origins. The expected heterozygosity (gene diversity) and population differentiation (Fst) between individual in a sub-population was also worked out using STRUCTURE programme.
Results and discussion
RAPD and SSR analysis
All the chosen primers amplified fragments, which varied in size from 150-1,500 bp. All the 62 amplified bands were found polymorphic, with an average of 3.1 bands per primer. The respective values for overall genetic variability for PIC, Rp and MI across all the 82 genotypes are given in Table 2 . PIC is a feature of a primer and therefore the PIC values were calculated for all primers. Highest PIC value (0.39) was observed for the primer OPR2 and lowest PIC value (0.07) was recorded for the primer OPV5 (Table 2) . Average PIC value was 0.25. MI is a feature of a marker and therefore the MI values were calculated for all markers. The MI values ranged from 0.07 to 1.65 with an average of 0.80. Highest value (1.65) was scored with the primer OPA13 and the lowest value (0.07) for the primer OPV5 ( Table 2 ). The RP is a feature of the primer that indicates the discriminatory potential of the primer. RP ranged from 0.15 to 13.65 with an average of 3.67 per primer. Highest value (13.65) was scored with the primer OPA16 and the lowest value (0.15) for the primer OPV5 (Table 2) . Allele number per locus varied from two to six (OPA-13). Previously, in addition to morphological identification (Zenelli et al. 2005) , various biochemical and molecular markers have been used for genetic characterization of walnut genotypes. These included isozymes (Fornari et al. 2001; Busov et al. 2002; Ninot and Aleta 2003; Vyas et al. 2003,) , restriction fragment length polymorphisms (RFLPs) (Fjellstrom et al.1995) , randomly amplified polymorphic DNAs (RAPDs) (Nicese et al.1998; Yan-Min et al. 2000; Zhang Li et al. 2007 ), intersimple sequence repeats (ISSRs) (Potter et al. 2002) , simple sequence repeats (SSRs) Dangl et al. 2005; Foroni et al. 2005; Victory et al. 2006; Robichaud et al. 2006; Karimi et al. 2010) , amplified fragment length polymorphisms (Kafkas et al. 2005; Bayazit et al. 2007) and SNPs (Ciarmiello et al. 2011 ). In our study, the average number of alleles per locus was 2 which is higher than 1.3 detected in J. regia with RAPDs (Nicese et al. 1998 ) but lesser than 3.9 and 5.5 using ISSR (Potter et al. 2002) and SSR (Foroni et al. 2007 ) markers respectively. Average number of bands generated per primer following RAPD were 3.1 which agrees with earlier studies in other species (Casas et al. 1999; Galderisi et al. 1999; Goulao et al. 2001; Solar et al. 2005) but are lesser than the number of bands obtained by Francesca et al. 2010 , due to a superior genetic variability among the genotypes studied by them. Our results agree with earlier studies using RAPD at Juglans species, RAPD markers revealing the genotypic diversity of Juglans (Nicese et al. 1998; Yan-Min et al. 2000; Francesca et al. 2010) . Similarly all 13 SSR primers resulted in number of amplified fragments which varied in size from 200-1,200 bp. All the 26 amplified bands were found polymorphic, with an average of 2 bands per primer. The respective values for overall genetic variability for PIC, Rp and MI across all the 82 genotypes are given in Table 3 . Highest PIC value (0.49) was observed for the primer WGA69 and lowest PIC value (0.21) was recorded for the primer WGA4 (Table 3) . Average PIC value was 0.39. Highest MI value (0.49) was scored with the primer WGA69 and the lowest value (0.21) for the primer WGA4. Highest Rp value (2.07) was scored with the primer WGA32 and the lowest value (0.51) for the primer WGA89. Allele number per locus varied from one to five (WGA202) with an average of 2.0 alleles per loci, which is lesser than 5.5 alleles per loci obtained in Sorrento walnut using SSR markers (Foroni et al. 2007 ) but are higher than 1.3 in J. regia with RAPDs (Nicese et al.1998) . Two way Mantel test (Mantel 1967) was done between the SSR and RAPD data matrices. The correlation coefficient was estimated to be 0.099 between matrices generated by SSR and RAPD markers using the Mantel Test (t01.69, P00.95). Microsatellite markers are useful for genetic diversity analysis studies at varietal, species and genus level due to their sequence conservation at flanking regions (Hamza et al. 2004) . Although a great number of population genetic studies have been conducted on Juglans species (Fornari et al. 2001; Victory et al. 2006) , no genetic research based on the use of molecular markers has been published previously on J. regia populations in India. In our work, inter specific transferability of walnut microsatellites, originally selected to study the genetic diversity in J. nigra , has been tested on J. regia varieties. The high level of variability observed at 26 SSR loci we used is consistent with results from studies carried out on different species (Carriero et al. 2002) . For all loci, the observed number of alleles was lower than that reported in J. nigra (Victory et al. 2006) , the species from which the markers were originally developed . This may be because of the large number of samples and populations analyzed in previous J. nigra studies (Ana et al. 2000) . The genetic parameters estimated from the microsatellite data indicated that there are substantial levels of genetic diversity in all sampled populations. This result is in accordance with the common observation of high levels of variation detected in wind pollinated, long-lived tree species (Streiff et al. 1998; Victory et al. 2006; Karimi et al. 2010) . In the present study, SSR markers showed interspecific transferability and polymorphism but Gunn et al. 2010 showed that SSR markers lack interspecific differentiation between J. regia and J. sigillata.
Genetic relationship among the walnut accessions
In order to find out the genetic relationship between different walnut accessions, SSR and RAPD data sets were combined together and this combined data was used for analysis using NTSYSPC version 2.02e. The Jaccard's similarity coefficient ranged from 0.12 to 0.79 with an average of 0.49 among all the 82 accessions used. The genetic relationship between the accessions was clearly depicted in the dendrogram which was constructed from the DNA profile. The dendrogram showed that all the accessions formed four main clusters (Fig. 2) . Within the first cluster, two subgroups consisting of eleven genotypes were observed. The second and third cluster consisted of 26 and 22 genotypes respectively. Fourth cluster consisted of 23 genotypes with various degree of sub-clustering. There was no relationship between the spatial and genetic proximity of the germplasm apart from few genotypes which were collected from the same location. Genotypes collected from various districts of Jammu and Kashmir showed diverse clustering; this may be due to out-crossing nature of walnut. The principal coordinate analysis (PCO) showed that the first three axes accounted for 57 % (49.58, 3.79 and 2.80 by Ist, 2nd and 3rd co-ordinate respectively) of total variation. The grouping shown in dendrogram was at par with that shown in 3D scatter (Fig. 3) . The results obtained, using twenty RAPD and 13 SSR primers that yield a total of 88 polymorphic loci produced a unique fingerprint for each of the 82 walnut genotypes included in this study (Table 2 and Table 3 ) allowing a unequivocal identification of each genotype. Besides, the fingerprint of each genotype is defined by multiple RAPD and SSR bands presumably at multiple genetic loci. This is important for cultivar characterization since each cultivar is not defined by a single marker but by a set of several markers. This high level of polymorphism probably reflects the outcrossing nature of walnut since similar results have been obtained using combination of SSR and RAPD markers in other crops (Mir et al. 2008 : Ebrahimi et al. 2011 . Model-based cluster analysis grouped 82 walnut genotypes into 9 genetically distinct sub-populations {K09, having maximum natural log probability (−5150.4), which is proportional to the posterior probability (Fig. 4) }. Of the total 82 cultivars, only 6 (7.31 %) showed admixtures (membership probability <0.8) ( Table 4 ). The expected heterozygosity, which measures the probability that two randomly chosen individual will be different (heterozygous) at a given locus ranges from 0.1396 in third sub-population to 0.2715 in 9th sub-population with an average of 0.227. Similarly, population differentiation measurements (Fst) range from 0.1666 (in first sub-population) to 0.5847 (in 3rd subpopulation), with an average of 0.301 (Table 5 ). Similar type of results has been observed in Sorrento walnut using SSR primers highlighted the genetic distance between the Sorrento peninsula and Caserta groups, assigning the samples to two different clusters (or populations) corresponding closely, but not perfectly, to each sample's geographic origin (Foroni et al. 2007) . The Structure analysis during the present study showed genetic divergence/differentiation in the walnut genotypes selected from different geographical areas (Fig. 5) . This spatial divergence may be due to the selection pressure exercised during the breeding/selection process. The information gained through population structure analysis will prove useful in future in conducting association mapping in walnut for a variety of traits. The results in this study illustrate the combined effectiveness of the SSR and RAPD techniques in discriminating the walnut genotypes analyzed. The SSR and RAPD data has separated the accessions into four major genetic similarity groups. However, the significance of this bifurcation is currently unknown. But the current findings can be exploited in future once these findings will be correlated with traits of interest. Bearing of all these accessions has not been started yet once the bearing will start nut characteristics will be correlated with the data generated and will be used in further crop improvement programmes in walnut. However, this was not unexpected as the genotypes used in this study were selected from the natural walnut populations confined in one geographic region within the North West Himalayan region of Jammu and Kashmir, India. Both cluster analysis and STRUCTURE indicated that the walnut genotypes are genetically different. Whether they will remain distinct will depend on how the forces of selection and gene flow interact. These findings would provide valuable information for decision making in future walnut breeding studies as well as germplasm management activities to maximize genetic diversity in walnut germplasm.
